Aegla alacalufi and A. neuquensis are exclusively found in freshwater systems of Patagonia. The geographic distribution range of A. alacalufi is vast and fragmented, covering continental and insular rivers. A new record of this species on Duque de York Island (50u349S-75u209W) defines the southernmost limit for the distribution of freshwater anomuran crustaceans. Aegla neuquensis is only found in Extra-Andean Patagonian rivers. The current geographic distribution patterns of these species can be explained by the existence of multiple island glacial refuges during the Last Glacial Maximum and by the hydrographic captures that occurred during the Late Glacial.
INTRODUCTION
Anomurans of the family Aeglidae Dana, 1852 occur exclusively in the South American freshwater biota. All species are currently classified in one genus, Aegla (Schmitt, 1942) , with 67 species distributed mainly in Brazil and Chile (Santos et al., 2009 (Santos et al., , 2010 Bond-Buckup et al., 2008 , 2010a . The Chilean species, which constitute a third of the global species richness of this genus (Jara et al., 2006) , are mostly distributed in central Chile, showing endemism patterns associated with the history of fluvial drainage (Jara, 1996; Pérez-Losada et al., 2004) . Moreover, two species are endemic to Patagonia: Aegla alacalufi Jara and López, 1981 and Aegla neuquensis Schmitt, 1942 . Knowledge of their geographic distribution is still limited.
Chilean Patagonia contains one of the most complex hydrographic systems in South America and one of the least intervened in the world (Carrasco et al., 2002) , with a great diversity of freshwater ecosystems (Cruces et al., 1999) . This territory was heavily impacted by Pleistocene glaciations (Naruse and Aniya, 1995) that had several effects on the freshwater biota. The main effects for Patagonian fishes were a modified geographic range, smaller populations, and persistence in isolated areas not reached by the ice, known as glacial refuges (Zemlak et al., 2008 (Zemlak et al., , 2010 .
Although the glaciations should have had similar effects on the aeglids, our current understanding of their geographic distribution is insufficient to answer this question. The two Patagonian aeglids have contrasting geographic distribution patterns. According to Jara (2006) , Oyanedel et al. (2008) and Xu et al. (2009) , the range of A. alacalufi is a broad latitudinal tract covering continental and insular Patagonia (west). These authors present records showing a fragmented distribution between the watersheds of the rivers Cochamó (41u299S, 72u159W) and Madre de Dios (50u009S, 75u189W). Morrone and Lopretto (1994) , Miserendino (2001) and Pérez-Losada et al. (2011) report that A. neuquensis is distributed in rivers that drain into the Atlantic from the extra-Andean Patagonia, between the provinces of Neuquén and Chubut, Argentina. This species is also distributed in rivers that drain into the Pacific from the extra-Andean Patagonia, in the high part of the Aisén River Basin, Chile (Jara, 2006; Valdovinos et al., 2010) .
We performed a detailed analysis of the geographic range of A. alacalufi and A. neuquensis in Chile, adding new records and proposing causes that could explain their geographic distribution patterns.
MATERIAL AND METHODS
From 2005 to 2010, we sampled 272 Patagonian Rivers along 1440 km of territory between the rivers Cochamó (41u299S,72u159W) and Paralelo (54u129S, 69u359W; see Fig. 1 ). We included fluvial systems that were impacting differentially during the Last Glacial Maximum (LGM) and of different orders in our sampling, from large continental basins, e.g., Yelcho, Palena, Aisén, Baker, and the Serrano, to small coastal continental basins, e.g., Santa Bárbara, Cochamó, Canelo, San Pedro, and the Blanco), and insular basins, e.g., Chiloé, Guamblin, Wellington, Madre de Dios, Duque de York, and the Paralelo. According to their hydrogeomorphological characteristics, these rivers were classified as: glacial (G: with direct contributions of glacial meltwater and sediment), mountainous (M: with a pluvio-nival regime), lacustrine (L: formed at the lake outlet), peat (PE: draining peat bogs, carrying high loads of suspended sediments), coastal (C: with a pluvial regime), semi-pampean (SP: in the extra-Andean Patagonia, with forests covering the high part of the watershed and steppe vegetation on the lower part), pampean (PA: with a marked influence of steppe vegetation, a low slope, and high loads of fine sediments), and karstic (K: associated with limestone formations in the southern archipelagos). The samples taken were semi-quantitative in nature, JOURNAL OF CRUSTACEAN BIOLOGY, 31(3): 396-400, 2011 following a multihabitat approach, using a kicknet with 500-mm mesh openings. A surface of 200 m 2 was covered at each sampling site. The samples were deposited in the Scientific Collections of the Zoology Museum of the Universidad de Concepción, Chile (UCCC). The taxonomic determination was done following Jara (1996) .
RESULTS AND DISCUSSION
During the study period, a total of 521 specimens of Aegla were captured. Of these, 189 were A. neuquensis. These individuals were found at only 7% of the 272 sampled sites and only at sites in the high zone (east) of the Aisén River Basin, in rivers classified as semi-pampean (SP) or lacustrine (L) in the basins of the rivers Castor, Pollux, Frío, Huemules, and Negro. These were all new records for this species, which was most frequent in the subwatershed of the Pollux River (Table 1) . This species was not recorded in rivers classified at pampean (P), with high turbidity or where benthic macro-invertebrate communities were sustained by herbaceous vegetation and forests are scant.
The geographic distribution of A. neuquensis covers rivers of the extra-Andean Patagonia that drain into the Atlantic (between the rivers Neuquén and Chubut) and the Pacific oceans (east of the Aisén Basin). This pattern is closely tied to the multiple hydrographic capture events that have occurred in Patagonia (Mardones et al., 2007) . The resulting re-orientation of the fluvial drainage caused by glacial avulsion and rapid deglaciation during the Lateglacial would have caused the high zone of the Mayo River to shift such that the river no longer drained into the Atlantic but into the Pacific, flowing through the Aisén River (Beltramone, 1991) . This connection between contiguous watersheds would have allowed the dispersal of A. neuquensis from the upper zone of the Mayo River towards the basin of the Aisén River (from East to West), explaining its current geographic distribution (Table 1 , Fig. 1) .
The remaining 332 specimens of Aegla were of A. alacalufi, which was present at 15% of the sampled sites, particularly in the basins of the rivers
and Aisén (L-M). Although this species had already been recorded in these watersheds (Jara, 1996; Xu et al., 2009; Pérez-Losada et al., 2011) , its distribution was described only for lacustrine environments (lakes Yelcho, Rosselot, Riesco). Herein, we report populations found in coastal rivers of the Palena Basin, 200 km north of the southernmost continental populations in Lake Riesco (western part of the Aisén basin) and 50 km to the west of the Lake Rosselot population. This species was also distributed on the islands Chiloé (C), Guafo (C), Ipún (C), Guamblin (C), Madre de Dios (K), and Duque de York (K), the latter being the southern limit of the geographic distribution for this species and freshwater anomuran crustaceans worldwide. This type of geographic distribution pattern is further corroborated by the high percentage of absence (up to 85%) at the sampled sites, namely those rivers with high loads of sediments from glacial melting (G) or that drain peat bogs (PE).
Aegla alacalufi has a wide, fragmented geographic distribution range (approx. 1000 km), with two apparent cores: one in the north part of the Northern Ice Fields and the other near the Southern Ice Fields. In the ''North Group,'' A. alacalufi is associated with coastal watersheds from the Cochamó River to Chaitén, and in large continental basins of Yelcho, Palena and Aisén, associated with small tributaries and large lakes (Yelcho, Rosselot and Riesco). Furthermore, this species is present from Chiloé to Guamblin in the insular Patagonian territory. The ''South Group'' corresponds to aeglids distributed only in the rivers of the southern archipelagos, such as those of Madre de Dios and Duque de York islands (50u379S-75u199W), a finding that, as previously mentioned, constitutes the southernmost record of freshwater anomurans in the world (Fig. 1, Table 1 ).
The Last Glacial Maximum (LGM) in Patagonia is often described as large icecaps that moved from the main (Hollin and Schiling, 1981; Clapperton, 1993) . Nevertheless, highly localized environmental factors (topography, edaphology, bathymetry, climate, and volcanism) stopped the development of glaciers in some western Patagonian areas. These non-glacial or marginally glacial environments functioned as refuges. Such a scenario has been suggested for A. alacalufi at El Amarillo Hot Springs, in the Yelcho River Basin, where small populations of these aeglids have persisted and acted as a source population, allowing the postglacial recolonization of continental Chiloé (Xu et al., 2009) . Moreover, these environmental factors have halted the glacial advance towards the Pacific, allowing many islands to remain ice-free during the LGM. Chiloé Island (42uS) was partially covered in ice during this period (Claperton, 1993; Hulton et al., 2002; Heusser and Heusser, 2006) . Guafo Island (43uS), on the other hand, shows no geomorphologic evidence of having been affected by the LGM, although submerged moraine can be found surrounding the palaeocoast (Basualto, 2009) , as could also be the case for the islands Ipún (44uS) and Guamblin (45uS) and the archipelagos Madre de Dios and Duque de York (50uS).
The postglacial scenario of insular Patagonia was characterized by a greater emerged surface of the continental plate (Turner et al., 2005) and lower salinity due to the growing volume of glacial meltwater (Lamy et al., 2002) . These conditions generated greater connectivity between the hydrographic watersheds of Patagonia, which reoriented their drainage repeatedly. Thus, the postglacial recolonization of the aeglids could have occurred from west to east, spreading from the westernmost islands to continental watersheds such as Yelcho, Palena, and Aisén. In contrast, the aeglid populations of the archipelagos Madre de Dios and Duque de York could have originated in a north-to-south postglacial colonization or, given their degree of geographic isolation, these populations could be relicts of a species distinct from Aegla alacalufi. Future phylogeographic and geomorphologic studies will help clarify the effect of the LGM on populations of the genus Aegla, including their refuge areas and postglacial recolonization routes, which cover the 600 km between Guamblin Island and Madre de Dios archipelago, where there is no information about the presence of aeglids.
The presence of Aegla not only provides evidence of the geo-ecological effects of the LGM on the Patagonian rivers. Indeed, detailed knowledge of the geographic distribution of A. alacalufi will lead to the identification of glacial refuges. These are high-priority areas in terms of conservation that could be vital to the long-term persistence of a large number of freshwater invertebrate species.
